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An attempt has been srsade to reiplicate an earlier Undissg that type A botaimum 
toxisi can inhibit the in vitro activity of scetylchoiinLesterase. Two methods of en- 
xym& assay were employed, but mth neither technique were we able to reproduce 
the iksding of m vitro emyme^^m^ the data from 

the previous report leads us to q uesitiou the possibility of the observatiom that were 
given. Furthermore, ais mv^tigstion was carried out to determine if botsxlmum 
toxin can e^^ert &si ifihsbitit>s e^'ect on aceiylchoMnesterase that is situated in the 
biological tissue. The asiswer again is tsegative. The experimental observations^ 
coupled with sevemi nrntheimtica! com^ do not support the notiosi that 

botuimum to^in is an a^tylchoik^es^teniseinhibitor. 



The chcslissolytic dfect of botulinum toxin is 
believed to be caused by the actios of thi^ pc^ison 
in suppr^iBg the pnesyn&tic release of ac;«tyi- 
ehoiijae (ACh; 1). Stndy supporting this theory 
has originated almost eatir^y from observations 
on the peripheral siexvous systesn or on in vitro 
prepaxstions. Two recent reports have not«d that 
in tlie central siervous system (CNS) of oianimals 
saifferisig botulinal iratoxicatiori there results 
a dmnMtic incriease in the brain stores of ACh 
(3 J 7). It was postulated that the isicreased levels 
of ACh w^m indicative of the poison's actijjg osi 
the €NS in a tnaamer similar to that on the p«sdph- 
era! nervom system; thiss, the suppr^sed release 
of ACh caused a d&iitMBing and kBt&rnal bidldup 
of m^srcshmnor. 

A stscent study Indicates that botalinom tDxin^ 
in a physlcai systmi that contains no biological 
liss^e^ is able to Isahibit acetykhoMn^terase 
(AGhB; 6}c The observation raises ^e <qisestion of 
whether the pi^viously noted CNS incrs^ses in 
tissues levels of ACh reS^i (i) suppressed release 
of ACh which is thereby prot^t^ from hydrol- 
ysis, or (ii) normal metabolic prodijction of AOj 
daring inhibition of its degradissg enzyme. To 
choose between these two alternatives, we pro- 
ceed^ to replicate the above Ending of an AChE 
inhibitioti by botolinusn toxin and additionalily to 
determine if the sot was demonstmble in vivo or 
in vitro. 



MATERIALS AND METHODS 

Botulifium toy^ type A was kiadly supplied by 
Ed^i^'ard J. Schsatx, US, Army Bsologicai labora- 
tories^ Fort Detrick, Frederick. Md, Cjyst&ISme toxin 
wm stored in a phospfeste-buifered gelatin solution, 
a4|iisted to pH 6 J, sad thea diiated wish aa eqirnl 
volume of gSywoS. Samples for testing were serially 
diluted in norsmif u&h^e^ saline. AChE (electdc 
eel) obtained frosn Schwsrz Bio Rese&rch, Ine,^ 
Oraagebuf g» N« The esi^yme had & specif activity 
of l «O0D tmit5/mg, a unit belsg deSned as that amount 
of en3!yme which hydroly'i>?g 1 ^jtmcAe of ACh per min 
at Zf C. 5sidophe»yI isostste (IFA) vv*as purcimsssd ftom 
Mmn Research Laboratories, Inc., New York, N.Y. 
Ac^tyithiochoUne iodide was obtaiaed from CaSbio- 
chem, Los Aa^eks, Calif * and 5>5'Hiithlobis (2- 
astrobemxjk acid) was pf ©cored from ASdrich Chemi" 
eai Co., Inc., Msiwajakeej Wis, 

Two snethods of asmy for AChB were employed, 
ikmt of Kramer and GanisoB (4) &nd that of Eilman, 
Courtney, Aadres, and Featherstone (2). It is the 
former teehalque that wss yised by M&yshaH and 
Quian (6) in reporting ens^yme mhibitsoss by toxin, 
Ihe ktter technique^ whieh k two orders of magnitude 
more sensitive than the Kramer and Gasiison nsethcKij, 
is the assay routinely usesd s« our laboratories. 

The temperature and duration of sssay were ideati- 
cal to those previously wsed (6). The toxin coacecttra* 
tioB was varied by steps of iO, frona 1<3^* to KSr^ mu/ 
snl for both assays. OptkaE denssty changes due to 
en^ns© aetivity were followed with a Gilford mcjdel 
reeordsBig spectrophotcmsetex. 

In viva studies were performed on fesnale Sprague 
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Dawky rats weighasig 2€0 to 250 g, Cojtices were 
assayed far both AChE and butyo'icholmestersse 
(BuChE) by & modification of the EEnrafifs &!. tech- 
nique (2) , To measure AChE, ac€tykhis:icholi»e (L6 X 
10~^ M) was used as a substrate, and 10- (2^imethyl' 
aminopropyl) phenothi&zme (2.5 X 10^* m) was used 
as a BuChE inhsbitdr. To BtiChE, butyryi^ 

thiochoik^ (1 .0 >< iO"^* m) was u^d a substrate, 
asid i^S bis {N-^^yl-N^N dimethyl-4»ammo3iiitm> 
phenyi) fj^sjtan-S one dibrojmde (S O X t<^^ wi) was 
used as six AChE inhibitor- Th& BuChE inhibitor, 
known as Prorssethszme, cm be obt&ifsgd from Wyeth 
L^aborstorks, Philadelphia, Pa, The AChE uihibUof, 
kbekd BW 284c5!, was generously supplied by 
Burroughs Wdicossae & Co., New York, N. Y. 

EXULTS AND D^CUSSION 

In the Initial expennient, using the Kramer and 
Gamson assay^ the concentration of reaclants, as 
suggest^ in the earlier pisblieatioa, were ACSiE 
0 17 unit/mi (Marshall ssid Quijm state a value of 
5 0 units /ml. However, their numter is based on a 
unit of enxyme activity being that amount which 
hydroiy2es 10 J of ACh/misi at 37 thus the 
differejice its urjdts per mOUSiter. It must be esifipha- 
sized, nomthelessj that although there is a dis- 
parity in terms of * 'units" of enz>me psr rfjilliiiter, 
the activity per milliliter in bosh studies is identi- 
cal); botulsnum toxin i= 3.3 X 10"* mg, and 
IF A 13 X ICr-^ M> Under these conditions, we 
were unable to detect any inhibition of AChB 
whatsoever; for iu fact we were uuabie to detect 
a measumbie reaction rate of IPA hydrolysis. The 
inactivity was marufest both in the presence and in 
the absence of botuiinaim toxin; thus, enzyme 
inhibition could not have been th^? deterndinant. 
Additionally, AChB was increased and decreased, 
in sepamte tests, by a factor of 10^ neither altera- 
tion producing a de^itive reaction rate. 

This puzdlng result pmmpteei us to ^lyestigate 
the simple kinetics of the AOiB-IFA reactiox^ and 
further to deliiieate the oonditidns uhdi^r whibh 
om might expect to witness a measureal^ie hydrol- 
ysis rate. For these purposes, an absorption 
spectrum of indophenoi, the hydrolysis and spec- 
trophotometrically active prcxIuGt of IPA, mis 
taken. The compound has a major peak at 625 
mi\ and at this peak, the molar absorptivity 
coe03cient is S, 160 {Fig. 1), With titeese datSj pne 
may use the Beer-Lambert law to a^«rtain the 
maxima! optica! d«^nsity ph^LSige that any given 
concentration of IPA will produce when com- 
pletely converted by es^m^ to indopheuol. With 
a molar absorptivity coeOlcieat 8,160, a path 
length of i cm, and a cpiicentxaUon of IPA of 
1.3 X 10~* M, the maxinfial optical density change 
pos^ble is little mops than Q.Oi, or approximately 
<mesflftieth of what Mar^all ai&d Qimm n^rt 
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Fso. 1, Absorbtioft spectm oflJ X m mda- 
phenoi. The reccing was mads ai 22 C in pH 8 phosphate 
ifuj^er, Tjfej^ is a smjpr peak (Si 625 ftm &fSJ60; i( is 
this yaisi0 ^Hich is sssed to def&rmine ify iks Beer^ 
Laffsi^n Law the mwcimnJ lapticai density dsmg^ 
possibie fbiiowsfs^ enzym&fic hydroiysis of ind&phefiyi 

Boosting the IPA concentration by factor of 
10 wowld have permitted visualization of th« 
action,, but even this would be insnf^cimt to 
permit kinetic studies. Consequmtly, we raised 
the IPA concentration 100-foId, and then again 
attempted replication of the AChE inhibition by 
toxitj. No dramatic indication of inhibition was 
apparant, regardless of the conditions under 
which the experiment was performed (Table I). 
A minimal InhibitiOEi of less than 5 %, insignificant 
due to variability, was ail that vyas obtained, but 
certainly nothing approaching the previous figure 
of approximately 25% inhibitic^i (6), 

To ensure that we were not in error by using 
the older assay techmquej the Ellman et aL 
method was us^ Even when the toxin concentra- 
tion was rais^ to 10"* mg/ml, we could see no 
inhibition of enzyme activity. 

At this posnt; at may be useful to introduce a 
series of mathematical computations. AChE, ac- 
cording to niost recent estin-feates^ has a molecular 
weight of about 250,0CXJ and specific activity of 
750 mmoles ACh hydrolyzed per hr per mg of 
en^Tfiie (S). By use of these data , plus Avagadro's 
Lawy ohe may calculate that there are appmxi- 
mately 1,8 X 10^ molecules of ACh hydroiy^ 
per hr per mclepule of AChB. Marshall and 
Quinn report use of 5 units of ensjyme/ml 15 
umts/as$ay< Taking into consideration the value 
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Ta»L£ 1. Resume &/ cofuditiom mder which the Kr&mer and Q&mson assay technique was empi&yed^ 
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* The table indkases the concentfatiom of enzyme, toxin, awd substrate used ift various esperimentsl 
ctmdstions. The isiformatioK should be read verticany ; thus, with 0 017 ufiit/ml of AChE we used 3,3 X 
lOr * mg of toxin and 10"* m IPA. AH coadilk>sts were tun at both 25 aad 37 C. 

* Unit refers to the amownt of enxyme which hydroiyz$s 1 j»mo!c of ACh/mia at 27 C. 
» Numbeff refers to milligram of tosiR per assay. 



of thdr BJBjt, oae may calculate that these mv^ti- 
gatofs lijsed saiHicient^sizyme to hydrolyx© 3.8 x 
molecisles of AC^/hr in the ps^oce of 3L3 X 
10^* mu of toxia and one-tesith that assapunt m the 
pf«tsence of 3.3 >t of toxin* liiis repre- 

sents 2 X 10^^ aad 2 X 10^®^ mol^ules, r^si^ec- 
tiveiy, of AChB per assay, 

Botuliinum toxiii has asi approximate weight of 
900jOG() Gosiseqwier^tlyj 10~* mg of toxin per 3 ml 
reaction ciavette means approsimateiy 2 >c IC^ 
molecules of toxin; simiMly, VOr^^ mg means 
appfoximateiy 2x10* molecules of toxin. 

It is mtes-esting to pair the dats dmved from 
these comptJtatioxss. Accoffding to ihe «sarlw^r 
port (6) J 2 X 10* molecyte of toxin ears prcKlttce 
aieady 25% inhibition of 2 X iO^^ molecules of 
AChE, and 2 X molecute of toxisj csas pro- 
duce tiie Slime order of inMbitiosi of 2 X 10^^ 
molecules of AChEc An ©n^^© iishibitor-^ffizyme 
ratio of 1; 100,000, with a r^ultmg 25% iifchibi- 
tidn, ss most phenomenal. We wer© umble to 
obtain the result Fisrthermore, by isse of the 
Eilmasi et ai. techmqtus, with 10"^ mg of toxiji, the 
tpsdia to esisynse ratio was nearly 1 j L No positive 
muit, esaxyme mhibltion, was obtaiii<^ li^re. 

Two lte?tors m^y contributed to th^ ftdlui^ 
to £-«pli<cate the Mriier repprS^J result of irahibi- 
tida. First, our iavestsgstion was performed by 
glass apparatus, ^mas earlier stU'dy 
us«d plastic ware, lliis nsay have pr6<lu<?©d a 
di^ereeice in that the glassware could conceivably 
bkd, by polar ehax^ss, the smaU ^uaKtiiies of 
toxin. Indet^, a diif«br(^ce in resuik dep^ on 
whether gla^ or plastic ware i& used jbas h&m 



notisd (R. Marshall, permmi comsfumicaUm). 
However, the importarsce of this observation is 
qu^tionable, because ail euv©tto used for spec- 
trophotometrie study are made of glass. Second, 
all toxm sriaiatamed in our laboratory is stoff^ m 
pho#hate-bn^emJ gelatin solution witii glycerol^ 
but the earlier investigators us^ unbuffered 
saSirie. It is cooceivable that bonds between the 
lo^hn and either the gelatin or the phosphate 
shielded the groups that might otherwise react 
with AChB. 

In this conisxt, there are three notes which 
should be made on the data presented in the 
Marshall and Quisin report Firsts She optical 
dmsity chasi^s for ail tfee control prepamtions 
are identical This could mean that the investigs- 
tOffs enjoyed pemarkabie success in rmniing the 
vanous control preparationSc Mom likely, a single 
control or control condition was run^ and Shis 
value was used in calculating all the data. Such a 
method is faulty J for one should run a control or 
standard for each condition, Thiis, we would 
exg^t to s«« differences between those prepara- 
tioh^ which contained, and those Which did not 
contain, antitoxin; we would even expect to see 
small diSereisces among the various antitoxia 
preparations Second, the data show an idmlloal 
optical density change for a preparation contain* 
ing 5 units of enzyme/ml and a pj^paration con- 
taiiijng OJ nnit/ml^ the latter i^sactidn running 
2w5 tira^ longer former. The observation 

is uis^ the valu^ i^Ven must obvi- 

Gusiy tise means of the a©y<^ experiments, 
but no standard deviatious are indicated. Come- 
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quently, tlse read<^ caimot compare the effective- 
ffiim of inhibition at dilfermt tonm concmtm- 
Horn. 

In any events we proceeded to exaoiine the 
possibility that botuMnum io%m could inhibit 
AOiE whm the enxysne was still simat^ la bio- 
logical tissue. Th<Q examlRatioa had two sp- 
proach<^. In the Brst^ tokisi (10^ mg) was Bd- 
minist^r^d into tine lattprs^ tail v^m of mts. Whm 
the animais modburl^ (d^^ m^b&mcl state 
of the fijsimais showed ds^nktk^aiiy that the 
molesculsr moiety respoasibl© for the ppison^s 
to^city was not ^eldsd)^ they were di^pitated 
&nd d€«orticat«d. The cortices vt^^re ajaalyaoed for 
AChB astd BuChE by the modified ElisBati et al, 
techrsique {2). M the secmd approach, cortices 
were rmsov^ from rats, and 10~^* mg of ioxm 
was added to the cortex homogmate. This seccmd 
approach was employed to circumvent the cnti» 
cisni that botidmum toxm dq^s not always 
successfully kivade the CMS; Figures 2 assd S 
show the r^uits of thc^ isi vivo and in vitro 
perimmts. in neither imtance is thet^ inhibition 
of either AChE or BuGhE 

No detmrnnatloa of peripheral levels of the 
estenise^ was made because there aimdy exist 
data which siiggest no inhibitaoii of AOsE by 
botulinum toxiss at the motor essd s^ate. Both 
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chGiimsfemse from ijn vitm cortical prepamiiofss. 
BctSi4ihiim toxin was siddedto cortex h€?mogemi^^s of mi 
bmif!. The kom&g^m^e was asmyed for (^esyic^in" 
^iemse md buiyrykhoii^stem^, md. the vaisi^s were 
compared wiitk Jhme frim ^m^^^^^^^ ^fscsdtaieii 
mih ioxin. No dij^ffmptice bet'iveen cmfwi ami experi- 
mmsai preparafi&m is evident. The iegemi &/s she iefi is 
iobe med reixdsfsg vaiuss of bufyryitks^i^stemse,' 
shai m iha rights pr aceiykhaiimsfeirsse. 
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FSG. 2. AcfMty <?/ acefyichoiinesiemss ^i^sd buiyr^fi- 
choiiftes^erase m corrices of ifiioxkaied mis. I^is v^erc 
given ief hoi dieses of botidifiim soxin md "n^ere decapi- 
tated oftd decorticated. Ssdfscgmni ]imays showed m 
di£crem:e between comroi w^ intoxi^^ corik^^ 
tn fkeir kveis ^'^g^^j^^* iegefid on the 

iejl is /c? be used pr reiiding v^aes iyf butyFyieh&iin- 
estemse; fhat m $M right, for m^iffyicki^iinesterase. 



Brooks (1) and Thesldf (9) have witiiessed miitsia- 
tisre pkte potentials during paralysis of 
neuromuscular tr&nstnission. Up to the time of 
trasismission failure^ there is no incre^ in ampli- 
tude or duration of the mimatur© md plate poten- 
tials, a result that is not compatible with Uie 
inhibition of AChE, 

With respect to penpher&l dysfunction, ttnere is 
again a mathematical computation of some iater* 
est. In the test tube situation^ as littler 3 J X 
tm of toxM per 3 mi reportedly caused inhibi- 
tion. This is eqiaal to nearly 2 x W mol^isl^, 
Zacks et ai. (JO) have ts^ed botuliRussi toxiu 
with ferritisi molecules, and, in subs^Mat elec- 
tron microscopic studies^ localized the to3dsi - 
ferritin complex at the neMromusciiiar jufiictiosi. 
In plat^ 6 and 7 of that publication^ it can be §ees& 
that there are spproxini^tely 1(F (the approxima - 
tion meaii^s clearly more thaia 10* and clearly less 
than 10*) molecules pgr section. The sectiom were 
0.5>^m thick; therefore, ^sunruhg the least 
stringent conditions, 100 sectiom wqtiid h*clude 
the entire end plate r^on. If one assunsd; that 
^ich of the lOD sections contains its nohover^ 
lappis^ quantum pf snolecul^,, th^ the mtire 
«^ plate reition would contain approximately the 
same number of toxin molecules as the cuvette^ 
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But because of the volume of the cuvette s^d 
the mkroseopic volume of the syaapse* the toxin 
is fsr njore coscesitmted in the syhapse. Evea if 
assum<^ that the 10* molecules m the single 
section represent all the toxin molecute pfesent 
at the e?id plate^ the toxisi is still coasiderabiy 
more concmtrated at the sisjuromuscyiar junction 
than in the cuvette, Uxsdeff these cifcarmtartces, 
it is curious that no m vivo inhibition of AChE, 
as evidenced by fasciculation in the poisc^ned 
stnimsils, is obsesrved. The curiosity is inagniBed 
whm it is coBsid^ed that the cuvette contalhed 
orders of magnitude more AChE than is present 
at the syrsapse. We thus ardve at the paradox that 
ki the synapse^ m which one encoimtefs relatively 
coaeentrated toxii^ md rektively nnconcentrated 
AChE, there is no isihibition; whereas m the 
cuvette, ki which om encouoters reiatiVelj^ dilute 
toxin and reSativeiy concentrated AChE. there is 
reported inhibition. 

From our data and cakuktions, we draw the 
following conclusion. There is no in vivo inltibi- 
tion of AGhB by botulinum toxin type A either In 
the CNS or in the peripheral aervoua system. 
Fiarthermoffe, we find the inhibition of AChB by 
toxia, in a system lacking biologiciil tissue, not to 
be ia umver ^ily demonstrable pheiEom^on, The 
fatter consmcat is vesy much lb agrietocait with 
the m:;e£it xsote of SuinyS aad Yocum (8), 



This i35v*«ti^tioii waa s^fipported by fuasds fmm tfee t?.S. 
Atomic Eiwrjsy O^msjuasifte. 

Th« su^tQ'SS ftre pcirtscutorSy sraf^fuS Edward 3$nin«»9t f)C>g' 
f^ikiaats &&<ti sugS8»dcess «»lS'«reeS dttring tis^ conduct of tfesse 
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